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Abstract 
The formation processes of sodium polyhydrofluorides at form NaF∙nHF, where n = 2, 3, 4, are researched depending on pressure 
of hydrogen fluoride and temperature. The experiments prove the presence of molecular fluorine in gas inhibits the process of 
formation of the sodium hydrofluorides containing more than two molecules of HF. We offered an empirical formula to calculate 
the estimate of decomposition temperature for alkaline metals hydrofluorides. Settlement decomposition temperature of 
NaF∙4HF, is confirmed experimentally.  
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1. Main text  
Sodium fluoride is a compound with a distinct ion character 1, its ψ-factor is equal to 0.365 2, which explains its 
chemical activity in combination reactions, in particular when complex compounds are formed:  
 NaF + nHF ↔ NaF∙nHF              
The major criteria for sodium hydrofluoride formation are HF content in gaseous phase as well as the temperature 
of the process. Sodium polyhydrofluorides NaF∙nHF, where n = 2, 3, 4, are formed in conditions of high 
concentration of HF and temperatures not more than 333К 4,5. Under the atmosphere of pure HF NaF∙2HF, NaF∙3HF 
and NaF∙4HF are generated at 333, 323 and 313К correspondingly. And  NaF∙2HF can be generated at 303 – 323К 
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under the pressure of  HF 13 – 33 kPa4. However it’s not certain whether these values in gaseous phase are the 
partial pressure of HF or it is the absolute pressure of HF. Moreover, the other factors of sodium polyhydrofluorides 
formation are subject to ambiguous interpretation. 
As a conclusion from the data presented in reference 4 on the temperatures of sodium polyhydrofluorides 
decomposition, the only sufficiently accurate values are the ones presented for NaF·HF. The values of 
decomposition temperatures Тdec of all the other sodium polyhydrofluorides are approximate. In addition, if the 
compounds have more than two molecules of HF, these values have rather problematic magnitude. A similar picture 
occurs in case of polyhydrofluorides of other alkali metals (AM – alcali metal). The reference 4,8 lists the 
decomposition temperatures approximately equal to ~298 К for such compounds as NaF·3HF, NaF·4HF, KF·3HF, 
KF·4HF, CsF·3HF, CsF·4HF. We believe that the researchers took this value for the decomposition point because of 
sufficiently fast decomposition of polyhydrofluorides and considerable growth of pressure of evolved HF. 
Based on the analysis of known values of decomposition point, it is evident that in the period of AM position the 
temperature of hydrofluorides grows (Table 5). One would expect the similar change in properties for fluorides of 
alkali metals saturated by HF. The references conclude that the boiling point Тb (idem Тdec) of trihydrofluorides and 
tetrahydrofluorides of alcali metals and alkaline-earth metals depends primarily on the order number of the metal in 
the group (on nuclear charge of metal atom, to be precise), and secondly - on HF content. The first statement is in 
contradiction with Mendeleev’s periodic law, which states that the chemical properties of similar substances change 
monotonously according to location in table6. The second statement suggests that trihydro- and tetrahydrofluorides 
are in fact one substance, but it is disproved by the facts of their synthesis and identification7. 
Hydrofluoride decomposition point is the temperature, at which the pressure of saturated vapors of evolved HF is 
in equilibrium with the initial hydrofluoride and equal to 101.3 kPa; so we adopt the decomposition temperature of 
hydrofluoride as its “boiling point”. 
We obtained a formula to calculate the boiling (decomposition) points of AM polyhydrofluorides from the known 
values of boiling point Тb of the AM fluorides and true Тb of AM: 
 (Тb)MF·mHF = 0,0566k · (Td)MF·(m-1)HF + С, (1) 
where  M = Li, Na, K, Rb, Cs; Т — temperature, К; k = 0.76N-2; N –the number of the period to which metal М 
belongs; m – the number of HF molecules in hydrofluoride; C - constant. 
 Table 1 presents the data of Тb of AM hydrofluorides known from references and the same values calculated 
using the formula (1). To test the resulting theoretical constants specific for a chemical substance, Тb – the 
dependency of HF vapors pressure evolved on sodium hydrofluorides during their thermal decomposition in the 
presence of F2, and without it was determined by experiment. Laboratory installation diagram is given in Fig. 1 and 
the results of the experiments – in Table 2. 
 
Fig. 1. Laboratory installation diagram: 1 – gas feed unit; 2 – receiver; 3 – sampler; 4 – reactor; 5 – sampling boat; 6 – controllers; 7 – sorption 
column with NaF; 8 – absorption column with chemical sorbent “Merser's wood”; 9 – vacuum pump; 10 – vacuum pressure gage; 2-1, 2-2, 3-1, 
4-1, 4-2 – valves. 
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Table 1. Experimental and calculated values of decomposition (boiling) point of alkali metal hydrofluorides (* – unknown) 
Compound  
Molecular 
weight (М) 
(Тb)l, К 
(references) 
(Тb)c, К 
(calculation) 
LiF·HF 
NaF·HF 
KF·HF 
RbF·HF 
CsF·HF 
46 
62 
78.1 
124.5 
171.9 
403 
543 
648 
823 
883 
403 
516 
631 
770 
877 
LiF·2HF 
NaF·2HF 
KF·2HF 
RbF·2HF 
CsF·2HF 
66 
82 
98.1 
144.5 
191.9 
-* 
333 
438 
423 
- 
315 
354 
416 
498 
632 
LiF·3HF 
NaF·3HF 
KF·3HF 
RbF·3HF 
CsF·3HF 
86 
102 
118.1 
164.5 
211.9 
- 
298 
298 
- 
298 
311 
333 
372 
434 
536 
LiF·4HF 
NaF·4HF 
KF·4HF 
RbF·4HF 
CsF·4HF 
106 
122 
138.1 
184.5 
231.9 
- 
298 
298 
- 
298 
311 
331 
364 
416 
499 
NaF·5HF 
KF·5HF 
RbF·5HF 
CsF·5HF 
142 
158.1 
204.5 
251.9 
- 
- 
- 
- 
330 
362 
411 
484 
 
In the course of the interaction between HF and NaF in the presence of F2, we did not observe sodium 
polyhydrofluorides generation. Inhibition mechanism of F2 requires special investigation. 
Table 3 presents the results of the study focusing on the temperature effect on the process of NaF·nHF generation 
in HF atmosphere, and Table 4 presents the data characterizing NaF·nHF generation in the atmosphere of HF and F2. 
Thus, in the atmosphere of pure HF sodium, polyhydrofluorides can be afforded at 308÷313К. At higher 
temperatures NaF∙nHF generation is unlikely for n ≥ 2. In the presence of  F2 NaF·nHF generation, where n ≥ 2, is 
not observed. The fluxing of NaF·1.5HF (the apparent mixture of NaF·2HF and NaF·HF, to be precise) was not 
observed. The process of sodium fluoride enrichment with HF, at the temperature close to the boiling point of HF 
equal to 292.7К, can be triggered by the processes of molecular-capillary condensation in the pores with further 
interaction of the components and sodium polyhydrofluorides generation. 
While testing the decomposition temperatures for sodium polyhydrofluoride derived theoretically, where the 
estimative composition NaF·4HF residual quantity of HF was revealed in the sample, the values of the 
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abovementioned estmates confirmed composition of sodium hydrofluoride which was obtained earlier. The leftover 
substance has gross-composition of NaF·3.3HF. Table 5 presents the results of the experiment. 
Table 2. The conditions of sodium polyhydrofluorides formation  
№ 
 
Weight of 
NaF, gram РHF, kPa РF, kPa Weight of absorbed HF, g nHF 
Resulting 
compound Comments  
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
0.598 
0.744 
0.423 
0.478 
0.508 
0.690 
0.437 
0.780 
0.581 
0.584 
0.771 
0.841 
0.754 
28.5 
28.5 
28.5 
52.7 
52.7 
52.7 
28.5 
28.5 
52.7 
52.7 
8.1 
8.1 
8.1 
- 
- 
- 
- 
- 
- 
28.5 
28.5 
28.5 
28.5 
16.3 
28.5 
57.3 
1.025 
1.134 
0.765 
0.933 
0.968 
1.249 
0.271 
0.446 
0.415 
0.362 
0.330 
0.320 
0.395 
3.6 
3.2 
3.8 
4.1 
4.0 
3.8 
1.3 
1.2 
1.5 
1.3 
0.9 
0.8 
1.1 
NaF·3.6HF 
NaF·3.2HF 
NaF·3.8HF 
NaF·4.1HF 
NaF·4.0HF 
NaF·3.8HF 
NaF·1.3HF 
NaF·1.2HF 
NaF·1.5HF 
NaF·1.3HF 
NaF·0.9HF 
NaF·0.8HF 
NaF·1.1HF 
Flowed. 
smoking with white 
vapor granules 
 
 
Appearance and 
shape of granules 
are practically 
without changes  
   
Table 3. Sodium hydrofluorides generation at  РHF = 20,0 kPa 
Temperature, К 294 307 328 351 371 
nHF 2.7 2.0 1.6 1.0 1.0 
 
Table 4. Sodium hydrofluorides generation at  РHF = 20,0 kPa and  РF = 20,0 kPa 
Temperature, К 284 309 333 358 378 
nHF 1.5 1.1 1.0 1.0 1.0 
 
Table 5. Experimental values HF vapors pressure over NaF·4HF according to temperature 
№  Temperature, К 1/Т×103 Pressure Рexp, mm Hg  lg Рexp 
Pressure Рcal. by formula 
(1), mm Hg 
1 
2 
3 
4 
5 
6 
7 
8 
9 
294 
301 
305 
310 
317 
318 
324 
326 
331 
3.40 
3.32 
3.28 
3.23 
3.15 
3.14 
3.09 
3.07 
3.02 
3 
40 
81 
160 
260 
270 
410 
630 
791 
0.48 
1.60 
1.91 
2.20 
2.41 
2.43 
2.61 
2.80 
2.90 
28 
57 
84 
133 
248 
270 
450 
533 
800 
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According to the experimental values of HF vapor pressure over complex salt NaF·4HF, we obtained the 
empirical dependence on temperature: 
 lg P = 14.4 – 3806/T,                (2) 
where  Р – HF vapor pressure, mm Hg.; Т – temperature, К. 
This connection shows satisfactory convergence of calculated and experimental values of HF vapors pressure 
over sodium tetrahydrofluoride NaF·4HF (or NaH4F5). 
As lg 760 = 2.88 formula (2) implies that at this vapor pressure of HF over NaH4F5 temperature of decomposition 
makes 330K, and this value agrees with the calculated value of decomposition (boiling) point from the formula (1) 
rather adequately.  
As we can conclude from the experimental results, the sodium polyhydrofluorides are formed in conditions 
described in the references. But it is probable that at normal temperature and significant HF content in gas in the 
system under examination, the processes of capillary condensation of HF in NaF pores begins.  
The appearance of another gas in HF, for example F2, plays a certain role inhibiting the process of sodium 
polyhydrofluoride formation with nHF≥2. 
According to the obtained empire dependence, we can make an estimate for Тb of the most part of 
polyhydrofluorides of different AM including such exotic  hydrofluorides of alkali metals  as compounds with total 
formula MF·(5÷15)HF. The content of such chemical compounds can be revealed (the material is ready for 
publication) though the compounds NaF·nHF, where n ≥ 5, doesn’t differ very much from the sodium 
tetrahydrofluorides, because, according to the calculations from the formula (1), the temperatures of their 
decomposition differ by decimal place of grades. 
Taking into consideration the polymerization of gaseous hydrogen fluoride, i.e. the presence of (HF)m molecules 
in gas, where m = 2, 3, 4…, as well as strong interaction of the components due to the formation of additional 
hydrogen bonds  in the system, the process of polymolecular condensation of HF on porous surface of NaF with 
further diving of liquid hydrogen fluoride in the pores of sorbing agent indirectly confirms that the proposed 
mechanisms  of interaction between HF and  NaF with generation of wide range of sodium hydrofluorides are 
realistically possible This assumption is indirectly confirmed by the fact that the complex anions (HF)nF are formed 
in concentrated hydrofluoric acid as it is pointed out in 8, and can take place in the system we examine. 
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